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[IpuBeneHa orieHKa MOTEHIMANA SHEPTHU BETPa ISl BEIPAOOTKHU HIICKTPOIHEPTHH
JUTS TOPHOIOOBIBAIOIIUX MPEINPUATHH B AJb-XaipkaHa — TIPOMBIIIICHHOW 30HE AJipa,
PacmoyioKeHHOH K roro-3amnany ot Jlamacka. ['opHOIOOBIBaOIIAs OTPACabh CUUTACTCS O
HOW 13 HanbOousiee BakHBIX B CHupuu. Bo300HOBICHHE MOTHOIICHHON PabOThl JAHHOU OT-
paciu B X0J1¢ BOCCTAHOBIICHHS CTPAHBI TOCIIC KOH(IIMKTA SBIACTCS OJJHOM U3 IPHOPUTET-
HBIX 3aj1a4, TOCTaBJICHHBIX [IpaBuTenbcTBOM pecmyOnauku. O6macts Aub-XaimkaHa
MMEeT OTPOMHBIH MMOTEHIIMAI YHEPTUH BETPa IS BEIPAOOTKH 3JIEKTPOIHEPTHH, OCOOCHHO
JIETOM, KOTIa IOPBIBBI BETPa XapaKTEPU3YIOTCS NIUTEIBHBIMU IEPUOJAMU € JOCTATOYHOM
CKOPOCTBIO 110 CPABHEHHUIO C APYTUMH PErHMOHAMH CTpaHbl. Ha OCHOBe cTaTHCTHYECKUX
JAHHBIX OIpPEJIe/ICcH MOTEHIMAJ SHEPTHH BETPa, KOTOPHIiA cocTaBun 288,7 KBT/M? Ha BbI-
cote 80 M Hax ypoBHeM Mopsi. [IepcrieKTUBHOCTh MECTHOCTH CBSI3aHA C €€ PacIoJiokKe-
HUEM BOJIU3H JIMHUU BBICOKOTO HATIPSHKECHHSI M HAJTMYHEM OOIIUPHBIX OSCIUIONHBIX panio-
HOB, IJIOLIA/Ib KOTOPBIX JOCTATOYHA JJIsl BETPOIHEPTETUUECKUX YCTAHOBOK.
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An assessment of the wind power potential for generate electricity for mining op-
erations in Al-Haijana, the industrial zone of Adra, located southwest of Damascus is
made. The mining industry is considered one of the most important in Syria. The resump-
tion of the full-fledged work of this industry in the course of the country's reconstruction
after the conflict is one of the priority tasks set by the Government of the Republic. The Al
Haijan region has a huge wind energy potential to generate electricity, especially in sum-
mer when wind gusts are characterized by long periods at a sufficient speed compared to
other regions of the country. The wind energy potential, 288.7 kW/m? at a height of 80 m
above sea level, was determined based on statistical data. The prospects of the area are
associated with its location near the high voltage line and the presence of vast barren areas,
the area of which is sufficient for wind turbines.
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|. BBeeHue

C KaABIM TOJIOM 3arachl HCKOIAeMbIX MPUPOAHBIX PECYPCOB YMEHbBIIA-
FOTCSI, @ CIIPOC HA DJIEKTPOIHEPTHIO CTPEMUTEIHHO PacTeT. DTO MOBBIMIACT 3HA-
YCHUEC aJIbTCPHATUBHBIX UCTOYHUKOB DHEPIUU, UCIIOJIB30BAHUC KOTOPBIX CTAHO-
BUTCS aKTyaJIbHBIM Ha SHepreTu4yeckoM poike [1]. OmuHumu u3 Hanbosee momy-
JISIPHBIX M CTA0MIILHBIX BO30OHOBIISICMBIX UCTOYHUKOB HA IAHHBII MOMEHT SIBIISI-
FOTCSI HICTIONTb30BaHKUE YHEPTUHU BETpa LTS MPOU3BOJICTBA IICKTPHUCSCTBA. TeMITbl
Pa3BUTHSI BETPOIHEPTETHKH ITO3BOJIIIOT yKE Ceyac MCIOIb30BATh €€ IS DIICK-
TPOCHA0KEHUS MMPAKTHICCKH BCEX MOTPEOUTEINICH: OT IPOMBIIUICHHBIX IPEIIPH-
STHI 10 TOPOACKOro HaceseHus [2]. Ha rio6anbHoM ypoBHE paCTYIIHiA CIIPOC HA
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JIEKTPOIHEPTHIO BHI3BAJ 3HAYUTENLHBIH POCT MOIIHOCTEH 110 €€ IPOU3BOJICTBY.
Kpome Toro, mockoyibKy 3JeKTpOCTaHIINH, KaK MPaBHJIO, PACHONIOKEHbI 1aIeKO
OT IIEHTPOB 3JEKTPUYECKUX HArpy3oK, BO3MOXKHBI OOJIBLIME MOTEPU 3JIEKTPO-
SHEPTHH U CIOXHOCTh B 00ECIIeYeHUH TPeOyeMOoro ypoBHs HanpsbkeHus. Pere-
HUIO 3THX MPOOJIEM MOXKET CIIOCOOCTBOBATH YCTAHOBKA OOBEKTOB PacIpeiesieH-
HOW TeHepaIiy BOIM3H IIEHTPOB Harpy3ok [3].

Betep siBsieTcs naeanbHBIM HCTOYHUKOM SHEPTHU: OH HEMCUEpPIIaeM 1 He
OCTaBJISIET BpeOHBIX 3arps3HHTENneil. B 2021 r. cymmapHas MOIIHOCTB BETpO-
9HEpreTUUecKux yctaHoBOK (BOY) B mupe Opina yBenmunueHa va 94 I'Bt. [lannoe
3HAYCHWE HIDKE COOTBETCTBYIOIIEro Tokaszateis 3a 2020r. wHa 1,8 % [4]. B
MIEPBYIO OYEpe/ib, CHIKEHHIE OBLIO BBI3BAHO 3aMEIUICHHEM POCTa IPOU3BOJICTBA
00bEKTOB Ha3eMHOI BETPOIHEPIeTUKH Ha IByX KpYIHEHIINX peiHKax: B Kurae n
CIIA. B mporwioM roay 0110 BBeieHO B dkciutyararuio 21,1 I'Bt oddrimoproii
BETPO3HEPreTHKH, 4TO B 3 pasza Oobiie, ueM B 2020 r. Takum obpaszom, 2021 r.
CTaJl JIy4IlIUM TOJIOM B MCTOPHH O((IIOPHON BETPOIHEPTrEeTHKH, a €ro JOJA Ha
MHPOBOM pBIHKE cocTaBmia 22,5 %. Ha nonro Kutas npuxomutces 80 % oddurop-
HO#t BeTposHepreTuku [5]. Obas ycTaHoBIeHHas MOIIHOCTE BOY B HacToOsiee
Bpemst nocturaet 837 ['BT, uro obecnieunBaeT cokparieHue Beiopocos CO» exe-
rofHo Ha 1,2 Miip TOHH.

JehunuT SHepreTHIecKuX pecypcoB SBISETCS] OHON N3 TIABHBIX TEXHHU-
YEeCKUX MPOOJIEM, CBA3aHHBIX C Pa3BUTHEM TOPHONPOMBIIICHHOTO CEKTOPA pec-
ny6muku Cupust. ITosTomy 1ienecooOpasHa OIleHKa MOTEHIMAIa SHEPTHU BETpa
JUTS BBIPAOOTKH DJICKTPOIHEPTUH JUISA JICKTPOCHAOKCHHSI TOPHOI00BIBAFOIINX
npennpusTuii [6].

1. BeiOop y4yacTka JJIsl peajiu3aliii MPOeKTa

Cupus pacrionoxeHa Mex Iy muporamu 32,3° u 37° k ceBepy 0T 3KBaTopa
1 Mexay MepuanaHamu 36° u 42,5° k BOCTOKY OT I'pHHBHYCKOTO MepUAHaHA.
Inomans cupuiickoro permona cocramsier 185 517 km [7]. Ha ocHoBanun
KapThl BeTpoB CHpHu cOOpaHbl CTAaTUCTUYECKHUE JaHHbIE O CKOPOCTH BETpa B He-
CKOJIbKHX TeorpaM4ecKuX OKpyrax CTpaHbl C pa3In4HbIM JIaHAIIadTOM: BOIU3H
oOepexbsi, BLICOKOTOPBsI, B 30HE JIECOB M TOPOJICKUX OKPYroB. PaccMoTpeHsI
CIIEAYIONINE YYaCTKH C OTHOCHTENILHO OOJIBIION TEPPUTOPHEH U MEPCIIEKTUBOM
JUISL CO3/1aHUs BETPOIJIEKTPOCTaHIMI: Anb-Xalkana, Meranxumpkasa, Taamyp,
Xomce, Cuanuana u 'abarxa0. Ha ceronusmuuii JeHb HET HUKAKUX CBEIEHUMN O
BETPSHBIX NeKTpocTanusx B Cupun [8].

Jlo Havana KOHQUIMKTa CHPUICKOE NPaBUTENILCTBO IIAHUPOBAIO Pa3BH-
THE BO30OHOBIISIEMBIX MCTOYHUKOB 3Hepruu B crpane [9]. Obmacte Aunb-Xaii-
JDKaHa SIBJISIETCS OJIHUM M3 CaMbIX NMEPCIEKTHBHBIX 0OBEKTOB ISl BETPOIHEpre-
tuku B Cupun. CpeziHue ckopocT BeTpa cocrabisitor 5,0 m/c Ha Bbicote 10 M
n 6,70 m/c Ha BeicoTe 40 M. Paiion Anp-XaimkaHa, onuH U3 paifonoB Cupuu ¢
BBICOKOM BETPOBOI MHTEHCUBHOCTBIO, PACIOJIOKEH B IIpeJieiaX IIepBoro paioHa,
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MOJTrOTOBJICHHOTO Ul CO3AaHUs BETPSIHBIX NEKTPOCTAHLUN U HEJAIEKO OT BbI-
COKOBOJIBTHBIX JIMHHH TSl OAKIIOYEHHs K 3Heprocucteme [10].
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Puc. 1. Pacnojio:kenue o0bexta Ainb-Xuaxana B Cupuu
(33°21°31”°N, 36°32°39”’E)

Fig. 1. Location of the Al-Hijana site in Syria
(33°21°31”’N, 36°32°39"’E)

I11. Bb16op cTpyKkTyphl M NapamMeTpoB BOY
[IpuMeHHUTETBHO K MEKTPHUECKON MOIIHOCTH, HEOOXOAUMOM IS 3JIEK-
TPOCHA0XKEHUS TOPHOIOOBIBAIOIIETO CEKTOPA B H3y4aeMOM IPOMBIIIIEHHOM To-
poie, ObII0 yCTAaHOBIIEHO, U4TO MOTPeGHOCTH coctasisier 100 MBT [11]. TTocne
aHaJM3a CyNIECTBYIOMHUX THIOB BOY 6butn BeIOpaHB! ycTaHOBKH V90 MoOIIHO-
cteio 3 MBT u3 Bectaca, B kommdectBe 34 mtyk. Takum oOpazom, cymmapHast
MotHOCTh BOY cocraBut 3 x 34 = 102 MBT, 1 3T0 4rcio OIU3KO K Tpedyemoit

[12]. BaBucuMOCTh TeHepUpyeMOi MOIHOCTH oHO# BDY oT ckopoctu Berpa
MIOKa3aHa Ha pHC. 2.
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Puc. 2. 3aBucumocts MmomHocTd Typounsl V90 3,0 MBT oT ckopocTH BeTpa

Fig. 2. V90-3.0 MW turbine power curve

Ipy TPOEKTHPOBAHWM BETPOYCTAHOBKH HEOOXOMNMO YUHMTHIBATH CKO-
POCTh U HampaBJjeHHE BETpa B T€YEHHE Toja. AHaaU3 COOPAHHBIX CTATHCTHYE-
CKHX JaHHBIX BECTPAHOI'O MOTCHIHMAJa IMOKa3aj, 4YTO HaI/I60J'II)HII/IM IIOTCHIIMAJIOM
B TeUYeHHe roja obaaaeT oro-3amnaanusii Berep [13].

v nl/x,;" ,,n.v

At : /m-/a 20% 30-%,

Puc. 3. Ilpeodanaoniee HanpaBjIeHne BeTpa Ha BhIcoTe 40 M
B paiioHe Anb-Xumkana [14]

Fig. 3. Prevailing wind direction at a height of 40 m in the Al-Hijana area [14]
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[Tnan pacnonoxxenust 34 BOY nokazan Ha puc. 4.
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Puc. 4. Cxema pacnoJsio:xkeHusi IPOHyMepPOBAHHBIX TYPOMH
M COeTUHEHUS C FJIEKTPUYECKOH MoACTaAHIHeH

Fig. 4. Layout of numbered turbines and connection to the electrical substation

Bcero npennomnaraercs 7 psgos BOY: B mecTH paax 1o maTh yCTaHOBOK,
B OJIHOM DSy — YeThIpe. B 3TOM e psily B KauecTBe 3aMbIKAIOIIEH YCTaHOBKU
Haxojutcs Tpancdopmatop 20/66 kB [15]. Texuuueckue mapamerpsl TpaHchop-
MatopHo# nojcranimu 20/66 KB 1 OAKIIFOYEHNST BETPSHOW DIIEKTPOCTAHIINU
K ceT OynyT onpeaeneHsl CUPUICKON KopIopamuei 1o nepeaade 3JIeKTPOdIHED-
MU B COOTBETCTBHH C YTBEPXKICHHBIMH METOANKAMH BBIOOPA U ITPOBEPKH IJIEK-
TpoobopyroBaus [16].

Paccrosinue Mexay psaamu coctasisietr 4 - d =4 - 90 = 360 M, roe d — 310
JMaMeTp BeTpoBoW TypOuHbl [17]. PaccrosHue Mexay yCTaHOBKAMH B OJTHOM
psiny coctaBisier 8 - d =8 - 90 =720 m.
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2-4 guaneTp poTopa

Puc. 5. BokoBoe 1 Po10/IbHOE PACCTOSTHUA MEK1y BeTPSIHbIMHU TypOuHamu [18]

Fig. 5. Lateral and longitudinal distances between wind turbines [18]

Paccrosinre MexIy NepBbIM U KpailHUM psjaMu coctasiser 360 - 6 =
2160 M. Paccrosinue Mex Iy nepBoi u Kpaiineit BOY B omHOM psiy coctaBisieT
720 - 4 = 2880 m. CnenoBarelbHO, IUIOMAAL 3€MIIH, 3aHMMaeMoii Bcemu BOY,
cocrapnset 2160 - 2880 = 6,2208 km?. {na 6onee 3bHeKTUBHON pabOTHL HYKHO
ydecTs 3amac mromann mo 500 M ¢ kaxmo# cropoHsl. Torma HeoOXoqUMast II0-
aib 3eMJiu 1J1s coopyxenust BOY cocraBut:

(2160 + 1000) - (2880 + 1000) = 12,2608 xv2.

VimenHo Takas o0nacTh JOCTYINHA B paifoHe AJb-Xai1KaHa.
1V. Boi6op kabeneii
OnpenenuM BbIXOJAHOW TOK KaXI0W TypOUHBIL:

| P 3000000
J3:U-cose +/3-20000-0,96

=90,211 A. 1)
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Kabenn nposoxum ¢ 3ariay0aeHHeM B MOYBY IS JIyUIIErO0 pacCeMBaHUs
teruia. CoracHo MoJTy4YeHHOMY 3HAUSHHUIO TOKa, BRIOEPEM JOCTATOYHOE CEUECHHE
kabens: 25 mm? [19]. 3nas Tok oxHoit BDY, onpenenuM TokM Ha BCEX ydacTKax
U MpoM3BeEJEeM BBIOOp Kabesell HeoOXOJUMBIX ceueHui. Pe3ynbrarsl 3aHeceM B
tabn. 1. Cuuras Tok ogHON TypOuHBI paBHbIM 90,211 A, onpenensiemM He0OX01HU-
MBIe cedeHus kabesei k TpancdopmaTopaM ¢ MUHUMAaIbHBIME 3aTpaTtamu [20].

Taonuuya 1.
PesyabTaT BBIGOpa Kabeiei

Table 1.
Result of cable selection

Heodxo-
Ceue- | aumasi Oo6mas
Kaoean Tok, A HHE, JUIHHA JJIHHA
Mm% | kaGeas, | kaGesi, M
M

OT BepIIMHBI TypOUHBI IO 3eMJIH 90,211 3x25 105 105-34=3570
Ot nepBoii ko Bropoit BOY Bpsaay | 90,211x1 | 3x25 720 720-7=5040
Ort BrOpO#i K TpeTheit BOY B psimy 90,211x2 | 3x70 720 720-7=5040

Ot Tpethel k yerBepToii BOY B psaay | 90,211x3 | 3x150 720 720-7=5040
Ot uerBeproi k msitoid BOY B pamy | 90,211x4 | 3x240 720 720-7=5040

Ot Typ6uHsI 29 10 Tp-pa 90,211x5 | 3x300 | 360x6 2160
Ot typ6unsi 30 10 Tp-pa 90,211x5 | 3x300 | 360x5 1800
Ot TypOuns! 31 1o Tp-pa 90,211x5 | 3x300 | 360x4 1440
Ot Typ6unsl 32 10 Tp-pa 90,211x5 | 3x300 | 360x3 1080
Ot typOuHsl 33 10 Tp-pa 90,211x5 | 3x300 | 360x2 720
Ot Typ6unsl 34 10 Tp-pa 90,211x5 | 3x300 | 360x1 360

V. MomHoCcTh, NPOM3BOANMAS BETPSIHOM 3/1eKTpOCTaHI el

Jl1g BETpOBOM 3JEKTPOCTAHLIUY C BETPOYCTaHOBKOW HOMUHAJIBHOM MOLI-
HocThI0 3 MBT npun HOMHMHAIBHOM CKOpOCTH BeTpa 15 M/c, MUHIMAaIBHOH CKO-
poctu BeTpa 4 M/C, MaKCHMMaJIbHOW CKOPOCTH BeTpa 25 M/C, paccuMtaeM Cpej-
HIOIO CKOPOCTh BEeTpa B pailoHe Anb-XumIKaHa IIPU BEICOTE YCTaHOBKH TypOUHEI
105 m. [To uMeronMest CTaTUCTUYECKUM JIAHHBIM O CKOPOCTH BETpPa Ha BBICOTaX
10 M u 40 M ompenenuM CpegHIOI CKOPOCTh BETPa HA BHICOTE YCTAHOBKH TYp-
ounel, 105 m [21]:

105"
=v_ .(4_()) =7,1769 m/c, o)

105
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roe o — KO3(p(OHULUHUEHT MOBEPXHOCTHOTO TPEHHs, I OAHHOH 00JacTu
a =0,157985.

Hcnone3ys pacmpexnenenue Pames, onpeneianM 3HAUYCHHE BEPOSTHOCTH
ckopocth Betpa [23]:

n =8760~§\\//—;~e’k, ®)

rae | — KOMMYECTBO YacoB, B TEUCHHE KOTOPBIX BETEp AYET CO CKOPOCTHIO V; V —
v 2
. m(V,
CpeHsIst CKOPOCTh BETpa Ha XemaeMoi Beicote; K = 1 (—') . [Tomygaem rpadux
v

P3JIEEBCKOTO paclpeeIeH s UIs OCTaIbHBIX CKOpocTeil BeTpa [24].

0.1 e e —
- —— Cpeanss ckopocTb 8 M/c
= 0.08 .
é, ----- Cpeansist cKopocTb 8,5 m/c
% 0.06 1N reeeseem CpenHsis cKopocTb 9 M/c r
) T |
@ 0.041 f

0.02
3 —

5 10 15 20

CKopocTb BeTpa, M/c

25 30 35

Puc. 6. Iluarpamma pacnpenesieHusi CKOpocTH BeTpa no Paiero
B paiione Anb-Xaiirana [25]

Fig. 6. Rayleigh wind speed distribution diagram in the Al-Hijana area [25]

Hcnone3ys pacnpenenenne Panes, onpeneaiM BO3MOXKHOE BbIpadaThIBa-
€MO¢ 3HAYCHHE SHEPTHH TPU 3HAYCHHUSIX CKOPOCTH BeTpa OT 4 110 25 m/c. Pe3yib-
TaThl pacyeTa MpuBeIeHsI B Tabu. 2 [26].

BbIuuciuB MOIIHOCTH, BBIpa0aTHIBAEMYIO Ha BCEX CKOPOCTSAX, HA KOTO-
PBIX pabOTArOT TypOHHBI, OT CKOPOCTH 4 M/C IO CKOPOCTH 25 M/C, a 3aTe€M oIpe-
JICTUB MOIIHOCTh, BEIPA0ATHIBAEMYIO B TCUCHHE T'0JIa, MBI MOJIYYHM TOJIOBYIO
SHEPTHIO, IIPOU3BEICHHYIO 3TOW BETPSHOW IIIEKTPOCTAHIHECH.

O6mas sueprus coctaBut 5196162,17 xBr-a/r =5,2 ['Br-w/r.
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Taonuya 2.

Pacuer kosiuyecTBa BE€TPO4YacoB B TE€YECHHUE Iroaa u oomeit BblpaﬁOTaHHOﬁ JHEepruu

Table 2.

Calculation of the number of wind hours during the year

and the total generated energy

v, m/c k Ni, 4 Ei- 0,95, kBt-u/r Ei, kBt-u/r
4 0,244 837,2506 45249 47630
5 0,3812 912,3593 96305 101370
6 0,5489 925,7704 168860 177750
7 0,7472 885,8534 256580 270090
8 0,9759 805,4178 348230 366550
9 1,2351 699,1926 430420 453080
10 1,5248 581,4777 491030 516870
11 1,845 464,3657 521930 549400
12 2,1957 356,7293 520540 547940
13 2,5769 263,9652 489720 515490
14 2,9886 188,3357 436400 459370
15 3,4308 129,674 369570 389020
16 3,9035 86,2173 298210 313910
17 4,4067 55,3849 229780 241870
18 4,9404 34,3906 169370 178280
19 5,5046 20,649 119600 125890

20 6,0992 11,9926 81016 85280
21 6,7244 6,7389 52701 55475
22 7,3801 3,6647 32952 34686
23 8,0663 1,9291 19820 20863
24 8,7829 0,9831 11476 12080
25 9,5301 0,4851 6400 6737,5

V1. 3akaouenue

OueHka BeTpomoTeHIMala B paiioHe Aub-XalpkaHa MU OIpeeeHHe
AJIEKTPUYECKON MOIITHOCTH, KOTOPasi MOXET OBITh MOJIy4eHa OT BETPSHOU dJIeK-
TPOCTAHIIUH, TIO3BOJISIOT 3aKJIFOUUTh, YTO OHA CIIOCOOHA 0OECICUUTh JOCTATOY-
HBIA 00BEM IEKTPOIHEPTHH B MPOMBIIUIEHHOM ropoje Anpa Heganeko ot Jla-
Macka, pemrB mpodiieMy mepedoeB ¢ MoIaueid dIeKTPOIHEPT HH.

© VYcrunos JI.A., 2023
© Awncap A.P., 2023

Iocmynuna 6 peoaxyuro 03.02.2023
Ipunsma xk nybruxayuu 06.04.2023
Received 03.02.2023
Accepted 06.04.2023



Humennexmyanvuas snexkmpomexnuxa 2023 Ne2 131

Budimorpadguyeckuii cmcox

[1] Lavrik A., Zhukovskiy Y., Tcvetkov P. Optimizing the size of autonomous hybrid
microgrids with regard to load shifting // Energies. 2021. Ne 14 (16). P. 1-18.
DOI: 10.3390/en14165059

[2] Hosseinalizadeh R., Shakouri G.H., Amalnick M.S., Taghipour P. Economic sizing
of a hybrid (PV-WT-FC) renewable energy system (HRES) for stand-alone usages by
an optimization-simulation model: Case study of Iran // Renewable and Sustainable
Energy Reviews. 2016. Vol. 54. P. 139-150. DOI: 10.1016/j.rser.2015.09.046

[3] Sychev Yu.A., Abramovich B.N., Zimin R.Yu., Kuznetsov R.A. Mathematical mod-
eling of harmonic correction by parallel active filter in conditions of distributed gen-
eration // Journal of Physics: Conference Series. 2019. Vol. 1333. No. 3.
DOI: 10.1088/1742-6596/1333/3/032081

[4] 1EA. Total Installed Power Capacity by Fuel and Technology 2019-2025, main case.
[Dnexrponnsiii pecypc]. URL: https://www.iea.org/data-and-statistics/charts/total-
installed-power-capacity-by-fuel-and-technology-2019-2025-main-case (nara o6pa-
menust 06.06.2021).

[5] Benbckwuii A.A., Ho6ym B.C., Xaiikan [11.D. Dkcruryaranus 01HO(Pa3HOTO aBTOHOM-
HOT'O MHBEPTOPA B COCTABE BETPOSHEPICTHUCCKOI'0 KOMILIEKCA Majou MOIIHOCTH //
3anucku T'opHoro HWHCTHUTYTA. 20109. T. 239. C. 564-569.
DOI: 10.31897/PM1.2019.5.564

[6] Dobush V.S., Belsky A.A., Skamyin A.N. Electrical complex for autonomous power
supply of oil leakage detection systems in pipelines // Journal of Physics Conference
Series. 2020. Ne 1441. 012021. DOI: 10.1088/1742-6596/1441/1/012021

[71 Abramovich B.N., Ustinov D.A., Abdallah W.J. Development and design of a mobile
power plant in the form of a standalone power supply // Journal of Physics Conference
Series. 2021. Ne 1753. 012006. DOI: 10.1088/1742-6596/1753/1/012006

[8] Lukutin B.V., Muravyev D.l., Ryzhkova A.V. The efficiency of combined electro-
thermal and electrochemical accumulation of electricity of a photovoltaic power plant
/I 10P Conference Series Materials Science and Engineering. 2021. Ne 1019. 012053.
DOI: 10.1088/1757-899X/1019/1/012053

[9] Chauhan A., Saini R.P. Size optimization and demand response of a stand-alone inte-
grated renewable energy system // Energy. 2017. Vol. 124. P. 59-73.
DOI: 10.1016/j.energy.2017.02.049

[10] Sychev Y.A., Aladin M.E., Serikov V.A. Developing a hybrid filter structure and a
control algorithm for hybrid power supply // International Journal of Power Electron-
ics and Drive Systems. 2022. N 13 (3). P. 1625-1634.
DOI: 10.11591/ijpeds.v13.i3.pp1625-1634

[11] Bopouur B.A., Hemma ®.C. VMHTaMOHHOE MOJEIHPOBAHUE DIICKTPOIPHBOIA
OYHCTHOTO KOMOaiiHa JJIs1 OLICHKH nokasareiaei 3HCpI‘03(1)(I)CKTI/IBHOCTI/I CHUCTCMbI
anexTpocHabxenust // 3amckn ['opHoro mHCTHTyTa. 2020. T. 246. C. 633-639. DOI:
10.31897/PM1.2020.6.5

[12] Skamyin A., Belsky A., Dobush V., Gurevich I. Computation of nonlinear load har-
monic currents in the presence of external distortions // Computation. 2022. Ne 10 (3).
41. DOI: 10.3390/computation10030041



132 dnexkmpornepzemuka

[13] R.E. Commission. Request for Qualification (RFQ). Syrian Ministry of Electricity.
20009.

[14] Justus C., Mikhail A. Height variation of wind speed and wind distributions statistics
/" Geophysical Research Letters. 1976. Ne 3 (5). P. 261-264.
DOI: 10.1029/GL0031005P00261

[15] Justus C., Hargraves W., Mikhail A., Graber D. Methods for estimating wind speed
frequency distributions // Journal of Applied Meteorology. 1978. Ne 17 (3). P. 350-
353. DOI: 10.1175/1520-0450(1978)017<0350:MFEWSF>2.0.CO;2

[16] Pimenta F., Kempton W., Garvine R. Combining meteorological stations and satellite
data to evaluate the offshore wind power resource of Southeastern Brazil // Renewa-
ble Energy. 2008. Ne 33 (11). P. 2375-2387. DOI: 10.1016/j.renene.2008.01.012

[17] Teetz H., Harms T., Willem von Backstrom T. Assessment of the wind power poten-
tial at SANAE IV base, Antarctica: a technical and economic feasibility study // Re-
newable Energy. 2003. Ne 28 (13). P. 2037-2061. DOI: 10.1016/S0960-
1481(03)00076-4

[18] Rehman S., Al-Abbadi N.M. Wind shear coefficients and energy yield for Dhahran,
Saudi Arabia // Renewable Energy. 2007. Ne 32 (5). P. 738-749.
DOI: 10.1016/j.renene.2006.03.014

[19] Khogali A., Albar O., Yousif B. Wind and solar energy potential in Makkah (Saudi
Arabia) comparison with Red Sea coastal sites / Renewable Energy. 1991. Ne 1 (3).
P. 435-440. DOI: 10.1016/0960-1481(91)90054-S

[20] Ahmed Shata A., Hanitsch R. Applications of electricity generation on the western
coast of the Mediterranean Sea in Egypt // International Journal of Ambient Energy.
2008. Ne 29 (1). P. 35-44. DOI: 10.1080/01430750.2008.9675054

[21] Amar F.B., Elamouri M., Dhifaoui R. Energy assessment of the first wind farm sec-
tion of Sidi Daoud, Tunisia // Renewable Energy. 2008. Ne 33 (10). P. 2311-2321.
DOI: 10.1016/j.renene.2007.12.019

[22] Chang T.-J., Wu Y.-T., Hsu H., Chu C., Liao C.-M., Assessment of wind character-
istics and wind turbine characteristics in Taiwan // Renewable Energy. 2003. Ne 28
(6). P. 851-871. DOI:10.1016/S0960-1481(02)00184-2

[23] Habali S., Hamdan M., Jubran B., Zaid A.l. Assessment and applications of wind
energy in Jordan // Solar Energy. 1988. Ne 40 (2). P. 99-105.

[24] Gupta B. Weibull parameters for annual and monthly wind speed distributions for
five locations in India // Solar Energy. 1986. Ne 37 (6). P. 469-471.

[25] Patel M.R. Wind and Solar Power Systems: Design, Analysis, and Operation. 2nd ed.
Boca Raton: CRC Press, 2005. — 472 p. DOI: 10.1201/9781420039924

[26] Hrayshat E.S. Wind resource assessment of the Jordanian southern region // Renew-
able Energy. 2007. Ne 32 (11). P. 1948-1960. DOI: 10.1016/j.renene.2006.11.008

References

[1] A. Lavrik, Yu. Zhukovskiy and P. Tcvetkov, “Optimizing the size of autonomous
hybrid microgrids with regard to load shifting”, Energies, vol. 14, no. 16, pp. 1-18,
2021. DOI: 10.3390/en14165059

[2] R. Hosseinalizadeh, G.H. Shakouri, M.S. Amalnick and P. Taghipour, “Economic
sizing of a hybrid (PV-WT-FC) renewable energy system (HRES) for stand-alone
usages by an optimization-simulation model: Case study of Iran”, Renewable and



Humennexmyanvuas snexkmpomexnuxa 2023 Ne2 133

Sustainable  Energy Reviews, wvol. 54, pp. 139-150, Feb. 2016.
DOI: 10.1016/j.rser.2015.09.046

[3] Yu.A. Sychev, B.N. Abramovich, R.Yu. Zimin and R.A. Kuznetsov, “Mathematical
modeling of harmonic correction by parallel active filter in conditions of distributed
generation”, Journal of Physics: Conference Series, vol. 1333, no. 3, Oct. 2019.
DOI: 10.1088/1742-6596/1333/3/032081

[4] IEA. Total Installed Power Capacity by Fuel and Technology 2019-2025, main case.
[Online]. Awvailable at: https://www.iea.org/data-and-statistics/charts/total-installed-
power-capacity-by-fuel-and-technology-2019-2025-main-case [Accessed: Jun. 6,
2021].

[5] A.A.Belsky, V.S. Dobush and S.F. Haikal, “Operation of a single-phase autonomous
inverter as a part of a low-power wind complex”, Journal of Mining Institute,
vol. 239, pp. 564-569, 2019. DOI: 10.31897/PMI.2019.5.564

[6] V.S. Dobush, A.A. Belsky and A.N. Skamyin, “Electrical complex for autonomous
power supply of oil leakage detection systems in pipelines”, Journal of Physics Con-
ference Series, vol. 1441, 012021, Jan. 2020. DOI: 10.1088/1742-
6596/1441/1/012021

[71 B.N. Abramovich, D.A. Ustinov and W.J. Abdallah, “Development and design of a
mobile power plant in the form of a standalone power supply”, Journal of Physics
Conference Series, vol. 1753, 012006, Feb. 2021. DOI: 10.1088/1742-
6596/1753/1/012006

[8] B.V. Lukutin, D.I. Muravyev and A.V. Ryzhkova, “The efficiency of combined elec-
trothermal and electrochemical accumulation of electricity of a photovoltaic power
plant”, 10P Conference Series Materials Science and Engineering, vol. 1019,
012053, Jan. 2021. DOI: 10.1088/1757-899X/1019/1/012053

[9] A. Chauhan and R.P. Saini, “Size optimization and demand response of a stand-alone
integrated renewable energy system”, Energy, vol. 124, pp. 59-73, Feb. 2017.
DOI: 10.1016/j.energy.2017.02.049

[10] Y.A. Sychev, M.E. Aladin and V.A. Serikov, “Developing a hybrid filter structure
and a control algorithm for hybrid power supply”, International Journal of Power
Electronics and Drive Systems, vol. 13, no. 3, pp. 1625-1634, Sep. 2022.
DOI: 10.11591/ijpeds.v13.i3.pp1625-1634

[11] V.A. Voronin and F.S. Nepsha, “Simulation of the electric drive of the shearer to
assess the energy efficiency indicators of the power supply system”, Journal of Min-
ing Institute, vol. 246, pp. 633-639, Dec. 2020. DOI: 10.31897/PM1.2020.6.5

[12] A. Skamyin, A. Belsky, V. Dobush and I. Gurevich, “Computation of nonlinear load
harmonic currents in the presence of external distortions”, Computation, vol. 10, no.
3,41, Mar. 2022. DOI: 10.3390/computation10030041

[13] R.E. Commission. Request for Qualification (RFQ). Syrian Ministry of Electricity.
2009.

[14] C. Justus and A. Mikhail, “Height variation of wind speed and wind distributions
statistics”, Geophysical Research Letters, vol. 3, no. 5, pp. 261-264, May 1976.
DOI: 10.1029/GL0031005P00261

[15] C. Justus, W. Hargraves, A. Mikhail and D. Graber, “Methods for estimating wind
speed frequency distributions”, Journal of Applied Meteorology, vol. 17, no. 3,
pp. 350-353, Mar. 1978.



134 dnexkmpornepzemuka

DOI: 10.1175/1520-0450(1978)017<0350: MFEWSF>2.0.CO;2

[16] F. Pimenta, W. Kempton and R. Garvine, “Combining meteorological stations and
satellite data to evaluate the offshore wind power resource of Southeastern Brazil”,
Renewable Energy, wvol. 33, no. 11, pp. 2375-2387, Nov. 2008.
DOI: 10.1016/j.renene.2008.01.012

[17] H. Teetz, T. Harms, T. Willem von Backstrom, “Assessment of the wind power po-
tential at SANAE IV base, Antarctica: a technical and economic feasibility study”,
Renewable Energy, vol. 28, no. 13, pp 2037-2061, Oct. 2003. DOI: 10.1016/S0960-
1481(03)00076-4

[18] S. Rehman, N. M. Al-Abbadi, “Wind shear coefficients and energy yield for Dhahran,
Saudi Arabia”, Renewable Energy, vol. 32, no. 5, pp 738-749, Apr. 2007.
DOI: 10.1016/j.renene.2006.03.014

[19] A. Khogali, O. Albar, B. Yousif, “Wind and solar energy potential in Makkah (Saudi
Arabia) comparison with Red Sea coastal sites”, Renewable Energy, vol. 1, no. 3,
pp. 435-440, 1991. DOI: 10.1016/0960-1481(91)90054-S

[20] A. Ahmed Shata and R. Hanitsch, “Applications of electricity generation on the west-
ern coast of the Mediterranean Sea in Egypt”, International Journal of Ambient En-
ergy, vol. 29, no. 1, pp. 35-44, Jan. 2008. DOI: 10.1080/01430750.2008.9675054

[21] F.B. Amar, M. Elamouri and R. Dhifaoui, “Energy assessment of the first wind farm
section of Sidi Daoud, Tunisia”, Renewable Energy, vol. 33, no. 10, pp. 2311-2321,
Feb. 2008. DOI: 10.1016/j.renene.2007.12.019

[22] T.-J. Chang, Y.-T. Wu, H. Hsu, C. Chu, C.-M. Liao, “Assessment of wind character-
istics and wind turbine characteristics in Taiwan”, Renewable Energy, vol. 28, no. 6,
pp. 851-871, May 2003. DOI: 10.1016/S0960-1481(02)00184-2

[23] S. Habali, M. Hamdan, B. Jubran and A.I. Zaid, “Assessment and applications of wind
energy in Jordan”, Solar Energy, vol. 40, no. 2, pp. 99-105, 1988.

[24] B. Gupta, “Weibull parameters for annual and monthly wind speed distributions for
five locations in India”, Solar Energy, vol. 37, no. 6, pp. 469-471, 1986.

[25] M.R. Patel, Wind and Solar Power Systems: Design, Analysis, and Operation. 2nd
ed. Boca Raton: CRC Press, 2005. DOI: 10.1201/9781420039924

[26] E.S. Hrayshat, “Wind resource assessment of the Jordanian southern region”, Renew-
able  Energy, wvol. 32, no. 11, pp. 1948-1960, Sep. 2007.
DOI: 10.1016/j.renene.2006.11.008

HNH®OPMAILIUA Ob ABTOPAX
INFORMATION ABOUT THE AUTHORS

Ycerunos JleHuc AHATOJILEBHY, Denis A. Ustinov, Cand. Sci. (Eng.),
KaHIUIaT TeXHUYEeCKMX HayK, nomeHt associate professor of the Saint-Peters-
Cankr-TlerepOyprckoro ropuoro yuusep- burg Mining University, Saint Peters-
cutera, r. Cankr-IlerepOypr, Poccuiickas  burg, Russian Federation

denepanys

Aiicap A0y Paummn, Abu Rashid Aysar, postgraduate stu-
acripant Cankr-IlerepGyprekoro ropaoro  dent of the Saint-Petersburg Mining
yuuBepcuteta, r. Cankr-IlerepGypr, Poc-  University, Saint Petersburg, Russian
cuiickast Denmepanust Federation



